Experiments to determine neighborhood reactions to light airplanes with and without external noise reduction by Elwell, Fred S
NATIONAL ADVISORY COMMITTEE 
FOR AERONAUTICS 
TECHNICAL NOTE 2728 
EXPERIMENTS TO DETERMINE NEIGHBORHOOD REACTIONS TO LIGHT 
AIRPLANES WITH AND WITHOUT EXTERNAL NOISE REDUCTION 
By F r e d  S. Elwell  
Aeronautical  R e s e a r c h  Foundation 
Washington 
May 1952 
https://ntrs.nasa.gov/search.jsp?R=19930083371 2020-06-17T19:23:17+00:00Z
NATIONAL ADVISORY COMMITTEE FOR AERONAUTICS 
TECHNICAL NOTE 2728 
EXPERIMENTS TO DETERMINE NEIGHBORHOOD REACTIONS TO LIGHT , 
AIRPLANES WITH AND WITHOUT EXTERNAL NOISE REDUCTION 
By Fred S. Elwell 
SUMMARY 
The work reported was par t  of a program of experimentation with 
external noise reduction on l i g h t  airplanes. This par t icu lar  study was 
i n  e f f ec t  a byproduct survey conceived t o  u t i l i z e  already available 
equipment and personnel- t o  fur ther  the findings of the or ig ina l  research 
and t o  determine reactions i n  populated neighborhoods t o  l i g h t  a i r c r a f t  
with and without noise -reduction equipment . 
Two l i g h t  airplanes modified by reduction gears, four-bladed pro- 
pel lers ,  and engine exhaust s i lencers  were flown i n  comparison with two 
standard airplanes a t  a number of s i t e s  of the type tha t  might be useful 
as  "close-in" landing s t r i p s  within the metropolitan area of Boston, Mass. 
The objective was t o  ascer tain the neighborhood reactions t o  the 
noise of l i g h t  airplanes flown close t o  res ident ia l  properties of varying 
income levels,  popul-ation densit ies,  and proximity t o  trade centers i n  
order t o  determine whether the degree of noise reduction found t o  be 
practicable i n  the major phases of the research program produced a signif-  
icant  reduction i n  neighborhood objection t o  such a i r c r a f t  operations. 
The findings indicate tha t  a t  the 10 s i t e s  within and about metro- 
pol i tan Boston the degree of noise reduction previously found to  be 
aerodynamically and s t ruc tura l ly  feas ib le  did eliminate substant ial ly  
a l l  neighborhood objections t o  noise per se. 
The t e s t s  were not extensive enough t o  determine whether other 
manifest objections such a s  f ea r  of low-flying a i r c r a f t  and possible 
property devaluation would s t i l l  have resulted i n  sustained objections. 
Neither was it possible t o  ascer tain the importance of the noise nuisance 
re la t ive  t o  other complaints raised against close-in operation of a i r -  
c ra f t .  The evidence did c lear ly  suggest t ha t  when the noise nuisance 
i s  minimized t o  the extent found feasible ,  the number and severity of 
other objections also diminish - evidently because the f l i g h t  operations 
are noticed l e s s  when heard less .  
INTRODUCTION 
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The experiments reported herewith were conducted during the  
years 1947-1950 by the  Aeronautical Research Foundation under the spon- 
sorship and with t he  f i nanc i a l  ass is tance of t he  National Advisory 
Committee f o r  Aeronautics. 
The Trustees of the  Foundation o r ig ina l l y  decided t o  undertake 
research i n  t he  area  of ex te rna l  noise reduction because they had con- 
cluded tha t :  
The development of c i v i l  aviat ion,  insofar  a s  the  u t i l i z a t i o n  
of l i g h t  a i rp lanes  i s  concerned, has been ser iously  re tarded by the  
unwillingness of cornmunitie s t o  permit an adequate number of con- 
venient ly  located landing areas .  This same lack  of ground f a c i l i t i e s  
mate r ia l ly  a f f e c t s  the  safe ty  of the  vehicle.  
To t e s t  the  hy-pothesis t h a t  one of the  p r inc ipa l  objections might 
be due t o  a i rplane noise, the  p r inc ipa l  research by the  Foundation has 
been on ex te rna l  noise reduction with both t r a c t o r -  and pusher-type l i g h t  
airplanes.  The primary object ive  of the  p ro j ec t  was t o  determine ways 
and means of reducing ex te rna l  noise without impairing the  aerodynamic, 
s t r uc tu r a l ,  o r  operational  ef fect iveness  of l i g h t  a i r c r a f t .  Insofar a s  
possible,  u t i l i z i n g  equipment and personnel already available,  the  sec- 
ondary objective discussed i n  t h i s  repor t  was t h a t  of ascer ta ining the  
extent  of noise-level  reduction required t o  reduce s ign i f ican t ly  the  
noise nuisance i n  nearby neighborhoods. 
The Foundation, therefore ,  t e s t e d  neighborhood react ions  by f l y i n g  
both standard and modified a i rp lanes  a t  loca t ions  of the  type which have 
customarily given r i s e  t o  noise objections.  
The pro jec t  was under the  general  d i rec t ion  of D r .  Lynn L. Bollinger, 
Executive Director of the  Foundation, and under the  technical  d i rec t ion  
of Professors Leo L. Beranek, Otto C .  Koppen, and C.  Fayette Taylor of 
the  Massachusetts I n s t i t u t e  of Technology, and Mr. Arthur H. Tully, Jr., 1 
Assistant  Director of Research of t he  Harvard Business School. 
Mr. Joseph Garside, a s  Director of Operations f o r  the  Foundation, 
d i rected thk control  of a i rplane sa fe ty  and maintenance, p i lo ted  the  
a i r c r a f t  on many occasions, and acted a s  ground observer at  some of t he  
t e s t  s i t e s .  -4 
* 
'Ekecutive Director of the  Foundation a s  of January 1, 1950. 
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M r .  William W .  Dean, Administrative Assistant of the Foundation, 
during the summer of 1949, provided assistance i n  p i lo t ing  the airplanes 
and taking sound measurements and acted as  ground observer a t  many of 
the t e s t  s i t e s .  
M r .  John P. Roberts, Sound Engineer of the Foundation, assis ted i n  
t h i s  project by taking sound measurements and acted as ground observer 
at many of the t e s t  s i t e s .  
The following organizations and individuals generously contributed 
equipment a d  assistance on t h i s  project:  
Aircooled Motors, Inc., l e n t  the experimental geared engine used 
i n  the modified Stinson and also i n  the modified Goodyear. 
Goodyear Aircraft  Corp. gave the castering landing gear fo r  the 
modified Stinson and l e n t  the Goodyear amphibian f o r  experiments. 
Lycoming Di%ision, AVCO Mfg. Corp., gave the engine f o r  the experi- 
mental Cub airplane. 
Maxim Silencer Co. gave the s i lencers  f o r  the modified Stinson. 
Sensenich Bros. provided all experimental propellers a t  cost.  
Stinson Aircraft  Division, Consolidated Vultee Aircraft  Corp., 
gave the Stinson airplane f o r  experiments. 
Mr. Joseph Garside, President of Wiggins Airways, gave use of h i s  
company's shops and f a c i l i t i e s  and contributed f l i g h t  time t o  make a e r i a l  
surveys f o r  possible t e s t  s i t e s  i n  the southern sectors of metropolitan 
Boston. 
M r .  Ju l ius  Goldman, President of Revere Airways, Inc., contributed 
f l i g h t  t b e  t o  make a e r i a l  surveys f o r  possible t e s t  s i t e s  i n  the north- 
eastern sector of metropolitan Boston. 
M r .  John T. Griff in ,  President of East Coast Aviation Corp., con- 
t r ibuted f l i g h t  time t o  make a e r i a l  surveys f o r  possible t e s t  s i t e s  i n  
the northwestern sector of metropolitan Boston and, i n  addition, provided 
storage space for '  the Foundation airplanes, on several occasions, a t  no 
cost. 
' Y1 
+= M r .  Crocker Snow, Director of the Massachusetts Aeronautics Commission, 
contributed time and e f f o r t  t o  expedite and sanction t h i s  project. 
Y 
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DESCRIPTION OF APPARATUS -+* 
% 
d 
The apparatus used i n  t h i s  study can be divided in to  four categories, 
a s  follows: The airplanes used together with t h e i r  power plants, the 
propellers, the sound-measuring equipment, and the f l ight-control  equipment. . 
Airplanes and Their Power Plants 
The airplanes used were a s  follows: 
(1) ARF Cub, configuration 1: A modified Cub J-3 airplane, shown 
i n  f igure 1, essent ia l ly  the same a s  a standard 1940 5-3 except f o r  a 
new and larger  ve r t i ca l  t a i l  f i n  and rudder and a complete new engine 
mount and cowling, equipped a s  follows: 
Engine: Lycoming four-cylinder, direct-drive, ra ted e,t 108 horse- 
power at a cranksfaft speed of 2600 rpm. 
- 
Propeller speed reduction: Engine modified with the special  vee- 
be l t  propeller drive i l l u s t r a t e d  i n  f igure 2. 
A s  shown i n  f igure 2 the drive included a small pulley mounted on 
the forward end of the engine crankshaft and a la rger  pulley mounted on 
an external s ta t ionary shaft  fastened t o  .the engine crankcase. The - 
upper pulley turned on two an t i f r i c t ion  grease-packed bearings located 
inside the pulley. 
Ten Goodyear rubber vee-belts with s t e e l  cable cores were used. 
These b e l t s  were each 42 inches i n  length and 3/8 inch i n  width. An 
eccentric arrangement i n  each upper shaft  bracket provided means f o r  
adjusting the b e l t  tension. The nominal speed r a t i o  of t h i s  combination 
w a s  0.632. 
, 
Before using t h i s  vee-belt drive i n  f l i g h t ,  it was necessary t o  
subJect it t o  endurance t e s t s  t o t a l l i n g  approximately 50 hours on the 
ground. This experimental equipment had a t o t a l  of over 170 hours i n  
f l i gh t ,  therefore over 220 service hours on the vee-belt-drive assembly. 
Exhaust system: Ejector-type, another special  feature of t h i s  a i r -  
plane. It was previously developed by Professor Otto C .  Koppen of the 
Massachusetts Ins t i tu t e  of Technology f o r  the dual purpose of silencing 4 
the exhaust and insuring proper engine cooling under a l l  normal conditions .4 
of operation, including excessive fu l l - th ro t t l e  operation on the ground. 
The exhaust e jec tor  consists of a cyl indrical  tube open a t  both 'Q 
ends. The tube i s  attached t o  the fuselage with i t s  forward end 
NACA TN 2728 5 
communicating with the engine compartment and i t s  rear  end open t o  the 
atmosphere. The engine exhaust manifolds were so arranged a s  t o  d is -  
charge into a single nozzle which i s  so located with respect t o  the 
tube a s  t o  a c t  a s  an ejector ,  drawing a i r  from the engine compartment. 
This compartment has no other ex i t ,  and the engine baf f les  are so 
arranged tha t  a i r  entering the cooling-air i n l e t  openings and passing 
over the engine i s  f i n a l l y  ejected through the e jec tor  tube. 
Silencing of the exhaust i s  ass i s ted  by a perforated metal l ining 
within the e jec tor  tube. Between t h i s  l i n ing  and the outer she l l  Johns 
Manville "Flex Blanket" i s  inserted, so tha t  the arrangement ac t s  a s  an 
effect ive sound absorber. This axrangement was found t o  furnish adequate 
a i r  c i rculat ion t o  keep cylinder temperatures well below specified limits, 
even f o r  continuous running on the ground during the t e s t s  of the' vee- 
b e l t  drive. Back-pressure and weight data are  as follows: Back pressure, 
measured i n  pipe between engine and nozzle, 10 inches of mercury a t  
2500 rpm, f u l l  th ro t t le ;  weight, 9 pounds. 
(2)  CAA Cub, 'configuration 2M, muffled, and 2U, unmuffled: A modi- 
f i ed  Cub (5-3 type) airplane, loaned by the Civ i l  Aeronautics Adminis- 
t ra t ion ,  shown i n  f igure 3 (muffled, f i g .  3(a),  and unmuffled, f i g .  3(b) ), 
equipped as  follows: 
Engine: Continental four-cylinder, direct-drive, rated a t  65 horse- 
power at  a crankshaft speed of 2300 rpm. 
Propeller speed reduction: None. 
Exhaust system: Exhaust modified with a Maxim silencer which could 
be eas i ly  detached so tha t  the airplane could be flown with (f ig .  3(a)) 
or  without ( f ig .  3(b) )  muffling. Back-pressure and weight data  are as  
follows: Back pressure, measured i n  pipe between engine and nozzle, with 
tnuffler, 0 t o  3/16 inch of mercury a t  2050 rpm and, without muffler, 0 
t o  1/8 inch of mercury a t  2050 rpm; weight, 14  pounds. 
(3)  ARF Stinson, configuration 3: A modified 1946 Stinson Voyager 150, 
equipped a s  follows: 
Engine: Experimental geared Franklin, rated a t  180 horsepower at a 
crankshaft speed of 3050 r p m .  However, only approximately 155 horsepower 
was used since the special  four-bladed propeller was designed f o r  tha t  
power. 
Propeller speed reduction: A planetary gearbox (part  of engine) 
with r a t i o  0.632. 
Exhaust system: Two Maxim silencers,  connected t o  standard exhaust 
manifolds. Figure 4 shows, photographically, f ront  and rear  views of 
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t h e i r  mounting on the airplane. Other data concerning these s i lencers  
are a s  follows: Weight, each 12 pounds; supporting brackets, 2.5 pounds; 
back pressure, measured i n  pipe between engine and muffler, 4 inches of 
mercury a t  2900 rpm, f u l l  t h ro t t l e .  
This airplane was tested i n  previous noise-reduction research 
(reference 1 )  using many different  propeller combinations; f igure 5 i s  
a photograph of t h i s  airplane with the propeller which was used i n  
neighborhood t e s t s .  This airplane was not used on many of the t e s t  
s i t e s  because the exis t ing areas, without extensive improvements i n  
many cases, were not large enough f o r  safe operations. 
(4 )  Standard Cub, configuration 4: A production model Cub, used 
without any modifications, equipped as  follows: 
Engine: Factory-installed Continental, which delivered 65 horse- 
power a t  a crankshaft speed of 2300 rpm. 
Propeller spekd reduction: None. 
Exhaust system: Standard factory ins ta l la t ion .  
This airplane i s  shown i n  f igure 6. 
In  addition, both ARF' airplanes and the CAA Cub were equipped with 
Goodyear castering landing gear. 
Propellers 
The propellers used were as  follows: 
(1) A four-bladed, two-piece, wooden-type propeller was used on 
the ARF' Cub. The blade-form curves f o r  t h i s  propeller are shown i n  f ig -  
ure 7. This propeller had a diameter of 80 inches with a nominal pi tch 
of 15'. The modified Cub 5-3 with t h i s  propeller w i l l  be called the 
ARF Cub, configuration 1. 
(2) Two propellers were available f o r  the CAA Cub. The f i r s t  was 
a standard two-bladed, fixed-pitch, wooden propeller which had a diameter 
of 72 inches and a nominal pi tch of 14'. Its blade-form curves are 
i l l u s t r a t ed  i n  figure 8. The second propeller was a special  four-bladed, 
one -piece, wooden propeller, having a diameter of 60 inches and a nominal + 
0 
pi tch of 1d , made f o r  t e s t s  with t h i s  airplane but not used, however, e. 4 
since i t s  noise l eve l  was higher and i t s  performance poorer than t h a t  d 
of the two-bladed propeller. The maximum speed attained by t h i s  propeller 
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r was higher by approximately 100 revolutions than tha t  of the two-bladed 
propeller, but because of the smaller diameter the t i p  speed w a s  lower. 
z‘ This f a c t  i s  mentioned here because it i s  i n  contrast  with the conclusions 
3. drawn i n  reference 1, tha t  is, t h a t  increasing the number of blades 
decreases the noise generation a t  the same t i p  speed. The blade-form 
curves f o r  t h i s  unused propeller are  shown i n  figure 9. The CAA Cub 
with the two-bladed propeller w i l l  be called, with the muffler, CAA Cub, 
configuration 2 M ,  and, without the  muffler, CAA Cub, configuration 2U. 
(3 )  The ARE' Stinson propeller was a four-bladed, one-piece, wooden 
type and i t s  blade-form curves are  shown i n  figure 10. It had a diameter 
of 76 inches with a nominal pi tch of 25'. This airplane-propeller com- 
bination w i l l  be referred t o  a s  the ARF Stinson, configuration 3. 
(4 )  The standard Cub, configuration 4, had a propeller which was 
of the same two-bladed, one-piece type a s  tha t  used on the CAA Cub. Its 
blade-form curves are similar t o  those i n  figure 8. 
Table I gives fur ther  information concerning the above propellers 
and engines and t h e i r  noise generation. 
Sound-Measuring Equipment 
The only instrument used i n  t h i s  work was a sound-level meter, 
General Radio Co., equipped with a microphone supplied by the General 
Radio Co. and manufactured by Shure Bros. 
The noise character is t ics  of configurations 1, 3, and 4 are reported 
i n  d e t a i l  i n  reference 1. The sound readings given i n  table  I f o r  those 
airplanes were taken from tha t  reference and are peak readings a t  the 
overhead posit ion only. In  addition, new peak leve ls  are reported f o r  
the muffled and unmuffled versions of configuration 2 ( 2 ~  and 2 ~ ) .  
Naturally, i n  all cases, the approaching and departing sound leve ls  are 
of a lower order and the quieted noise of the airplane close by can be 
best described a s  similar t o  the "whish" of an e l e c t r i c  fan. 
Flight-Control Equipment 
A t  those s i t e s  where the airplane was landed, f i e l d  markers t o  
out l ine the landing area and a portable wind sock were used. Since 
$- most of the s i t e s  were i n  heavily populated areas, each landing and 
take-off ( i n  most cases these landings were simulated by low approaches 
1 
and "dragging" the area)  was controlled by a f l i g h t  supervisor on the 
C ground using colored f lags  f o r  communication purposes. 
w 
NEIGHBORHOOD -REACTION TEST SITES 
The s i t e s  chosen f o r  tes t ing  of noise reactions were picked t o  
represent a cross section of character is t ic  metropolitan and suburban 
neighborhoods with varying densi t ies  of population, income levels,  and 
property values. Some of the s i t e s  had h i s to r i ca l  evidence of previous 
objections by loca l  residents t o  a i r c r a f t  or  t o  attempts t o  es tab l i sh  
an a i rpor t  nearby. 
A photograph of each s i t e  i s  shown with arrows superimposed ve r t i -  
ca l ly  t o  indicate the a l t i tude  of the t r a f f i c  pat tern and horizontally 
t o  indicate the direction of the c i r cu i t .  A topographical map of each 
s i t e  shows the t ra f f ic -pa t te rn  c i r cu i t  and the ambient sound leve ls  at 
important points re la t ive  t o  each t e s t  a i r s t r i p .  Table I gives all 
pertinent s t a t i s t i c s  of the a i r c r a f t  used including the peak sound 
leve ls  of the various a i r c r a f t  a t  500-foot a l t i t ude  a t  cruising speed. 
The maximum f l i g h t  a l t i t ude  a t  the t e s t  s i t e s  varied from 300 t o  
500 fee t ;  therefore, the peak leve ls  a t  the lower a l t i tudes  were s l igh t ly  N 
higher. 
The data given i n  tables  I1 t o  X I  are  most significant i f  the time 
of day and the day of the week are  noted. Generally the hours of the 
day were picked so t h a t  the airplane would be operating part  of the 
time when the male member of the family might be a t  home o r  sleeping. 
This practice was followed because previous evidence (obtained from the 
Massachusetts Aeronautics Commission; the f l i g h t  complaint section of 
CAA A i r  Carrier a t  East Boston; the CAA Aviation Safety Branch Office 
a t  Norwood Memorial Airport, Norwood, Mass.; and the loca l  a i rpor t  
operators) showed tha t  although the  majority of c a l l s  a re  from women 
(estimated two-thirds t o  three-fourths) the more serious complainants 
are men. 
A few complaints about the research ac t iv i ty  were made i n  person, 
but the majority were made by telephone t o  the loca l  police near each 
s i t e .  A l l  complainants were interviewed and, i n  addition, occasional 
spot checks were made to  gather sample opfnions. Detailed analyses of 
these complaints are tabulated f o r  each t e s t  s i t e  surveyed ( tab les  I1 
t o  XI)  and a composite table  i s  shown f o r  comparison and compilation 
of the t o t a l s  ( table  X I I ) .  
The modified Stinson was flown a t  only two neighborhood s i t e s  since 
it was deemed marginal f o r  safe operations a t  the smaller a i r s t r ip s ,  
-. 
consequently r isking the safety of the p i l o t  and equipment. >The modi- 
Q f i ed  Cub was, therefore, the principal airplane flown i n  comparison 
with a s ~ e c i a l  modified CAA Cub and ,a standard Cub. 
M 
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Arlington - Spy Pond ( ~ i g s .  l l ( a )  and l l ( b )  ) 
Description of location.- In all areas close t o  Spy Pond and near 
e. 
I,  the peninsula on i t s  southern edge tha t  was used as  an a i r s t r i p  f o r  
simulated landings were middle-income and upper-middle-income homes. 
The homes nearest the take-off were 20 yards southeast of the f l i g h t  
s t r i p  and were pa r t  of the incorporated community called Kelwyn Manor. 
The nearest homes t o  the west were approximately 250 yards and on the 
f a r  side of the Concord Turnpike which i s  a principal highway. The 
nearest shopping center i s  East Arlington, which i s  1200 yards e a s t  of 
the a i r s t r i p .  Figure l l ( a )  i s  a photograph of the s i t e  with the a i r  
t r a f f i c  pat tern superimposed and f igure l l ( b )  i s  a topographical map 
of the surrounding area with the a i r  t r a f f i c  pat tern and ambient leve ls  
indicated. 
Flight operation.- The f i r s t  community-reaction t e s t s  were begun 
a t  7 a. m. on Sunday, June 19, 1949. The next t e s t s  were made during a 
supper hour, but reactions t o  the presence of the airplane f o r  reasons 
other than noiseL required a change i n  operations i n  the in t e res t s  of 
public safety. Since it was ra ther  s t a r t l i n g  t o  the average automobile 
driver t o  see an airplane come f ly ing  a t  a low a l t i tude  over a six-lane 
highway, a s  though it were crash-landing into Spy Pond, the r i s k  of 
multicar accidents occurred when drivers  stopped suddenly "to watch the 
crash." It was, therefore, decided t o  make all future f l i g h t s  a t  t h i s  
s i t e  i n  the ear ly  morning. 
No other unusual circumstances occurred during the t e s t s  which are 
l i s t e d  i n  table  I1 with the c o q l a i n t s  received. 
Results.- No noise complaints were made concerning the ARF Cub; 
however, a few complaints were made by conscientious people (four) who 
thought the airplane was being flown by some "green p i l o t  showing off" 
and violat ing regulati6ns. One woman w a s  f ea r fu l  of her children1 s 
safety "in case anything went wrong." 
True noise complaints (16) were f i l e d  against the standard Cub 
since it had awakened these people from t h e i r  sleep by i t s  noise. In  
addition, three other complaints were f i led ;  two, tha t  the airplane was 
f ly ing  too low against regulations and one, t ha t  the airplane was f lying 
"dangerously close" t o  a home (actual  distance, 70 yd - not one of the 
houses nearest the t e s t  strip). 
This s i t e  had been previously petit ioned fo r  use as  a seaplane 
+? landing base (pe t i t i on  not granted because of noise nuisance caused by 
? the airplane involved which was a l i g h t  airplane on f l o a t s ) .  No one, 
during these t e s t s ,  expressed opposition t o  the possible establishment 
of a commercial operation i n  tha t  area. The lack of such a reaction i s  
d 
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unusual. A t  some of the other s i t e s  many people went on record as  
earnest ly  opposing the opening of what they presumed was being planned 
as an airport  near t h e i r  property. 
Staff evaluation.- The complaints against the standard airplane 
seem t o  confirm the significance of the noise reduction on the modified 
l i g h t  airplane. A number of home owners and observers i n  the loca l i ty  
complimented personnel of the Foundation f o r  having quieted the airplane 
t o  such an extent. 
Brighton - Metropolitan Dis t r ic t  Commission Park 
(Figs. 12(a)  and 12(b ) )  
Description of location.- The a i r s t r i p  (50 by 400 f t )  was an open 
f i e ld ,  between Soldiers Field Road and the Charles River, which i s  part  
of a seldom used Metropolitan Dis t r i c t  park area. It is-bounded o n  the 
west and north by,. the r ive r .  Across the r iver  are located, i n  order 
according to  distance and s t a r t ing  from west . to  east :  A small bathing 
beach; two-private schools, a home f o r  the aged, a large c i t y  hospital ,  
and the Harvard infirmary about 400 yards from the a i r s t r ip ;  a heavily 
populated area of housing, including middle- and low-income groups, 
s t a r t ing  about 400 yards away; large high-income homes within and con- 
t inuing beyond 700 yards; and, i n  the l a s t  sector, which s t a r t s  600 yards 
northeast of the a i r s t r i p ,  many high-rental apartment buildings and 
Hanrard Square, a principal shopping center.  
To the east ,  south, and southwest of the a i r s t r i p  are the Harvard 
Stadium and a th le t i c  buildings and, beyond them, the Harvard Business 
School, a playground area, a radio and te levis ion s ta t ion  and tower 
(680 f t ) ,  an indus t r ia l  area, low-income houses, and a harness-horse- 
racing track. 
Soldiers Field Road which pa ra l l e l s  the s i t e  on the eas t  side and 
Memorial Drive on the opposite side of the r ive r  are used by pleasure 
vehicles only; therefore, the general area i s  quieter than it would be 
i f  these highways were also used by commercial vehicles. 
The nearest shopping center i s  Harvard Square, which i s  approximately 
1100 yards t o  the northeast of the a i r s t r i p .  It i s  also an active focal  
point f o r  loca l  transportation, being a subway, bus, and t ro l l ey  terminus. 
Flight operation.- The take-off was north toward the hospital  f o l -  -# 
lowed by a r ight  turn  down the r iver ,  approximately 200 f e e t  i n  front  of .c 
and approximately leve l  with the roof l i n e  of the apartment buildings. 
These buildings and the hospi tal  were subjected t o  the maximum noise vi 
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emission from the airplanes during each c i r cu i t  of the a i r  t r a f f i c  pattern.  
Figures 12(a) and 12(b) show t h i s  s i t e  and i t s  surrounding area. 
The t e s t  f lying was s ta r ted  a t  t h i s  s i t e  on Sunday, December 19, 
1948. These i n i t i a l  f l i g h t s  were sporadic a t  f i r s t  because of inclement 
weather. However, a more intensive-act ivi ty  of four successive days 
l a t e  i n  January 1949 gave additional evidence as t o  the acceptabili ty 
of the "quiet" airplane (ARF cub) within t h i s  neighborhood. The f l i g h t s  
are tabulated i n  table  111. 
There had been some a c t i v i t y  a t  t h i s  s i t e ,  previous t o  the reaction 
t e s t s ,  i n  the form of demonstrations of the quieted a i r c r a f t  t o  public 
o f f i c i a l s .  These w i l l  be covered under a separate section of t h i s  
report  ( see section "Demonstration Si tes") .  
Results. - During the t o t a l  period of intermittent operations (0ct.  7, 
1948, t o  Jan. 23, 1949), no complaints were received by the surrounding 
police stations,  the Massachusetts Aeronautics Commission, the loca l  CAA, 
or the Ha.rvard Bdsiness School concerning the ac t iv i ty .  
Staff evaluation.- It i s  believed tha t  enough f l i g h t s  were made t o  
provide reasonable indication tha t  the noise emission of the a i r c r a f t  
involved was below tha t  which could be termed a "nuisance level" a t  t h i s  
s i t e .  
Brockton - Fairgrounds ( ~ i g s .  13(a)  and 13(b)) 
Description of location. - The a i r s t r i p  area (100 by 500 f t )  was 
within the inner oval of the fairgrounds race track. It i s  located 
200 yards eas t  of West Street ,  206 yards south of Belmont Street  ( ~ t e .  123), 
500 yards west of Thurber Avenue, Fairside Road, and Othello Street  (con- 
nective),  and 150 yards north of Forest Avenue. The homes nearest the 
take-off were those on the far side of Belmont Street .  The nearest 
shopping center i s  Brockton, 2500 yards northeast of the a i r s t r i p .  Fig- 
ure 13(a) i s  a photograph of the s i t e  and figure 13(b) i s  a map of the 
surrounding area. 
Fl ight  operation. - The t e s t s  were begun on Wednesday, February 16, 
1949. Two operations to t a l l ing  1 hour and 30 minutes with 35 landings 
were made tha t  day and a third-operation l a s t ing  1 hour with 20 landings 
was made 2 days l a t e r .  
* 
Results. -   he' Brockton Police Department was deluged with telephone 
, 
c a l l s  concerning the ac t iv i ty .  The Massachusetts Aeronautics Commission 
rr made an investigation and exhibit  1 i s  the r e s u l t  of t h e i r  findings. 
d 
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Further tes t ing  a t  t h i s  s i t e  was not conducted. Nevertheless, the 
nature of the complaints received did indicate tha t  noise from the modi- 
f i e d  Cub, configuration 1, had i t s e l f  created no objections. Ninety-one . Z 
telephone c a l l s  were made concerning the airplane but most of the ca l l e r s  
were concerned about the low flying. Some people called t o  report t ha t  
the airplane w a s  " in  violation" of CAA regulations but approximately 35 
t o  40 percent of the "complaints" under "Low flying" i n  table  IV were 
made by sol ic i tous people who called t o  report  t ha t  the airplane was 
"crashing," tha t  it was " in  dis t ress ,"  tha t  " i ts  engine quit," and so 
forth.  Investigation revealed t h a t  the low noise l eve l  of the quieted 
airplane caused many t o  think tha t  the engine was "dead." This inf'or- 
mation recorded by the Foundation i s  fur ther  confirmed i n  exhibit  1. 
Staff evaluation.- The most s t r ik ing  evidence from t h i s  s i t e  was 
tha t  there were no complaints against noise per se. It i s  believed tha t  
the f a c t  t ha t  the people thought there w a s  something "wrong" with the 
airplane, t ha t  is, tha t  the engine must be dead because it w a s  quiet, 
i s  reasonable eviaence tha t  the noise l eve l  of tha t  airplane was low 
enough t o  be "acceptable" i n  tha t  neighborhood and tha t  ths  airplane 
could be operated a t  t ha t  s i t e  without fur ther  noise reduction. 
Canton - Prowse Estate ( ~ i g s .  14(a)  and 14(b ) )  
Description of location.- The a i r s t r i p  areas ( a i r s t r i p s  l ' a n d  2 both 
100 by 500 f t )  were par t  of the area within a horse-racing oval on a 
large private estate,  It i s  located eas t  of Washington s t r e e t  ( ~ t e .  138) 
and south of the Circumferential Highway ( ~ t e .  128) and i s  bounded on the 
south and eas t  by other estates .  
To the north i s  an unpopulated State  reservation area. To the west 
of Washington Street  are about 25 homes varying from lower- to  upper- 
middle-income c lass i f ica t ion  and a few large high-income es ta tes .  South 
and e a s t  are upper-middle- and high-income es ta tes .  
The take-off path was d i r ec t ly  west over the most heavily populated 
area contingent t o  the s i t e .  The landing path was beside the barns and 
s tables  of the e s t a t e  approximately 20 t o  30 f e e t  over grazing livestock 
( a i r s t r i p  1). 
The nearest large shopping center i s  Hyde Park, Boston, which i s  
approximately 5000 yards t o  the northwest of the a i r s t r i p .  Figure 14(a)  
i s  a photograph of the s i t e  and figure 14(b) i s  a map of the surrounding . 
area. % 
Flight  operation.- The f i r s t  f l i g h t  at t h i s  s i t e  was on October 28, 
1948, and was a short demonstration using the ARF Cub, with the purpose V" 
NACA TN 2728 
of obtaining the owner's approval of using the e s t a t e  as a t e s t  s i t e .  
The f l i g h t s  were 20 t o  30 f e e t  over the heads of cows and thoroughbred 
horses which continued t o  graze undisturbed. The es ta te  owner was 
impressed with the absence of noise nuisance and gave immediate approval 
t o  use the area as  a t e s t  s i t e .  
Results.- The s ix  subsequent operations, using various airplanes, 
evoked complaints only when the standard Cub, configuration 4, was flown. 
Six noise complaints were f i l e d  and one complaint was f i l e d  against low 
flying, as  noted i n  table  V. 
There were no complaints about the quieted airplanes. However, 
during the f i r s t  hour the standard Cub was used three complaints were 
received by telephone tha t  the airplane had waked the complainants. The 
other noise complaint was by a property owner who came out a t  7:20 a. m. 
saying the noise had awakened-him and tha t ,  i n  addition, it seemed t o  
be bothering the horses. To t e s t  t h i s  second point the f l i g h t  path was 
moved t o  a new pasi t ion ( a i r s t r i p  2)  fo r  the next 40 minutes, but the 
horses s t i l l  were s t a r t l ed  when the airplane w a s  close by. The next 
f l i g h t  with the standard Cub was a l so  a t  the second f l i g h t  s t r i p .  Again 
the property owner came out and t h i s  time ( a t  7:15 a. m.) ins i s ted  t h a t  
the t e s t s  be stopped, saying he did not mind being awakened but tha t  
some of the horses were kicking violent ly i n  t h e i r  s t a l l s .  During t h i s  
15-minute period another objection t o  the noise was telephoned in.  
Staff evaluation.- The reaction a t  t h i s  s i t e ,  even though the t e s t s  
had t o  be curtailed,  showed acceptabi l i ty  of the quieted airplanes and 
disapproval of the standard model. The quieted airplanes had flown 
there f o r  8 hours and 10 minutes and had made 110 landings and take-offs 
without any objection. 
The noisy airplane had evoked seven complaints, s ix  of which were 
def in i te  noise complaints, i n  l e s s  than 1 hour and 15 minutes with only 
37 landings. This i s  i n  marked contrast  with the absence of objections 
t o  the modified airplanes and seems t o  confirm t h e i r  acceptabili ty at  
t h i s  s i t e .  
Medford - Metropolitan Dis t r ic t  Commission Park 
( ~ i g s .  15(a)  and 15(b))  
Description of location.- The a i r s t r i p  area (50 by 400 f t )  was part  
of a Metropolitan Dis t r i c t  park area. It i s  located south of the Mystic 
Valley Parkway' and west of Winthrop Street  and i s  bounded on the south 
and west by the Mystic River. 
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* On the north side of the Parkway, the nearest houses within 30 yards 
are many upper-middle-income homes and eas t  of Winthrop Street  are  a 
group of high-rental apartment houses. On the south side of the r iver ,  - d 
the closest  150 yards from the a i r s t r i p ,  are many hundreds of lower- 
middle -income house s. 
The homes nearest the take-off were those d i rec t ly  north and north- 
west along the Parkway. The air- t raff ic-pat tern c i r cu i t  was flown a l t e r -  
nately l e f t  and r ight  subjecting the public on both sides of the s i t e  t o  
the noise-tolerance survey. The nearest shopping center i s  Medford 
Square, approximately 900 yards eas t  of the s i t e .  Figure l 5 ( a )  i s  a 
photograph of the s i t e  and figure 15(b)  i s  a map of the surrounding area. 
Fl ight  operation. - The t e s t s  began August 24, 1949, and continued 
through September 3, and the r e su l t s  are shown i n  table  V I .  
Results.- A s  noted i n  table V I ,  no noise complaints were received 
u n t i l  the m u f f l e $  version of the CAA Cub was flown. Other complaints 
were f r l e d  concerning low f lying ( four) ,  f e a r  (one), and objections t o  
the use of tha t  area a s  an a i rpor t  (two). 
Staff  evaluation.- The Foundation expected a deluge of complaints 
of a l l  types from t h i s  heavily populated area but, a s  w i l l  be noted from 
table  V I ,  r e la t ive ly  few were received. The majority of complaints cane 
from the southern side which, as compared with the northern side, i s  
f a r the r  from the s i t e ,  i s  a lower-income area, and has an active main- 
l i n e  rai l road i n  i t s  background. 
Milton - Cote Estate (Figs. 16(a)  and 16(b) )  
Description of location.- The a i r s t r i p  area (100 by 500 f t )  was a 
small par t  of a large (400 by 3200 f t )  open f i e ld ,  which ran northwest- 
southeast on a private e s t a t e  located southeast of Canton Avenue and 
southwest of Holmes Lane. Bordering on the southwest and southeast are 
thickly wooded areas. To the northeast on Holmes Lane are  three large 
high-income es t a t e s  . Northeast across Canton Avenue are many large 
e s t a t e s  and a large group of middle-income and upper-middle-income homes 
approximately 500 yards from the f l i g h t  s t r i p .  
The homes nearest the take-off were those on e i the r  side of Canton 
Avenue closest  t o  the a i r s t r i p .  
. 
The nearest shopping center i s  Milton Center, 1400 yards northeast 
of the a i r s t r i p .  Figure 16(a)  i s  a photograph of the s i t e ;  f igure 16(b) 
i s  a map of the surrounding area. 
k 
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Flight operation.- Since the area immediately contingent to  the 
s i t e  was sparsely inhabited, the two large groups of homes 500 yards 
north and northeast of Canton Avenue (as shown i n  the photograph of the 
s i t e )  were also subjected t o  almost the same intensi ty  of noise as  those 
closest  t o  the a i r s t r i p  because the airplane was purposely flown close 
beside the f i r s t  group and d i rec t ly  over the second densely populated 
area a t  a low (300-ft) a l t i tude ,  on the crosswind and downwind legs.  
Results.- The six f l i g h t  operations and the complaints received 
( three)  are l i s t e d  i n  table V I I .  No complaints were made a s  a r e su l t  
of f l i g h t s  with the ARF Cub. 
Staff evaluation. - The most unusual point concerning r e su l t s  at 
t h i s  s i t e  i s  the f a c t  tha t  neither airplane was reported t o  be i n  vio- 
l a t i o n  of f l i g h t  safety because of low flying. A possible explanation 
might be the f a c t  t ha t  t h i s  a i r s t r i p  had been used by the U. S. Navy 
during World W a r  I1 as  an auxi l iary landing f i e ld .  
Needham - Babson Park ( ~ i g s .  17(a)  and 17(b) )  
Description of location.- The a i r s t r i p  area (100 by 500 f t )  was part 
of an open fallow f i e l d  within the grounds of Babson Ins t i tu te .  It i s  
located- 400 yards north of Great plain Avenue, 950 yards west of Central 
Avenue, and 450 yards south of Forest S t ree t .  To the west are other 
f ie lds ,  wooded areas, and the Ins t i tu te .  The homes nearest the take-off 
were those on both sides of Great Plain Avenue i n  l i n e  with the take-off 
path. The s i t e  i s  approximately 2300 yards equidistant from three lasge 
shopping centers, Wellesley H i l l s ,  Wellesley, and Needham, t o  the north- 
west, west, and southeast of .the a i r s t r i p ,  respectively. Figure 17(a) 
i s  a photograph of the s i t e  and figure 17(b) i s  a map of the surrounding 
area. 
Fl ight  operation.- In order t o  subject more homes t o  the t e s t s  the 
airplanes were flown al ternately l e f t  and r ight  when passing over Great 
Plain Avenue. This procedure caused the r ight- turn pat tern to  pass over 
a large cluster  of middle-income homes on the south side of Great Plain 
Avenue, over Babson Ins t i tu te ,  and close t o  a children's hospital  on the 
approach t o  the a i r s t r i p .  On the l e f t  turn the airplane passed close to  
a group of upper-middle-income homes on the north side of Great Plain 
Avenue and over a group of high-income homes and estates ,  loca l ly  referred 
to  a s  the "Gold Coast" of Needham, on the downwind, base, and approach 
+ legs, and again passed close t o  the children's hospital  on t h i s  approach. 
r 
A preliminary demonstration of the ARF Stinson t o  the selectmen of 
Needham was made on August 9, 1948, and it was deemed acceptable. On 
a June 10, 1949, the ARF Cub was flown f o r  30 minutes t o  determine the best 
t r a f f i c  pattern.  Intensive community-reaction t e s t s  were begun on 
July 27 and continued through August 9, 1949. The t e s t s  are recorded 
i n  table  V I I I .  
The a l t i tude  of the f l i g h t s  on the f i r s t  day of tes t ing  ( ~ u l y  27) 
was too high (600 f t )  and also the f l i g h t s  were not d i rec t ly  over but 
skir ted the housing areas and, therefore, did not cause concern o r  com- 
plaints .  On the second day ( ~ u l y  29) the f l i g h t s  were a t  a lower alti- 
tude (300 f t )  and d i rec t ly  over the homes. 
Results.- Evaluating the complaints of the second day brought out 
an important f a c t  which had a continued bearing on the a c t i v i t y  a t  t h i s  
s i t e .  Quite pointedly the residents feared the establishment of; an a i r -  " 
port because a newspaper a r t i c l e  r e l a t ive  t o  the f i r s t  f l i g h t  stated tha t  
Wellesley (land actual ly  i n  Needham) was t o  have the f i r s t  a i rpor t  using 
quieted airplanes, a t  the area. When the f l i g h t s  were apparently going 
t o  continue, the residents reacted suddenly and emphatically to  f o r e s t a l l  
the presumed a i rpor t  construction. (TWO f l i g h t s  on July 29; eight 
complaints. ) ,. 
Thereafter the complaints beg* t o  f a l l  o fF  even t o  the point of 
quasi acceptance of the s l ight ly  nois ier  muffled CAA Cub since, by word 
of mouth within the community, it was now known tha t  the f l i g h t s  were 
"some sort  of research." This information was gathered by a random sur- 
vey a t  a few houses each on several different  s t r ee t s  i n  the area between 
August 1 and the morning of August 8. 
A secondary and more violent reaction was evidenced by s ix  legitimate 
noise complaints against the two f l i g h t s  ( ~ u g .  8 and 9 )  of the unmuffled 
CAA Cub. These reactions came from people who had not been bothered by 
the previous f l i g h t s  made by the other airplanes but quite def in i te ly  had 
been disturbed by the nois ier  airplane. 
Staff evaluation.- In the background of the reactions a t  t h i s  s i t e  
was a semipolitical s i tua t ion  tha t  may have affected the resu l t s .  
The collective,  though erroneous, assumption was tha t  an owner of 
an adjacent area was intending t o  es tab l i sh  an airport .  Their assumption 
was tha t  he was foster ing an a i rpor t  there whether they approved it or  
not. 
Information supporting the above opinion came from seven complainants 
tha t  are l i s t e d  as  objectors t o  the establishment of an a i rpor t  i n  
table  VIII. They said tha t  they approved of the airplane and considered 
it extremely quiet, but they would f igh t  t o  protect the value of t h e i r  
properties and therefore would not allow an a i rpor t  i n  t h e i r  midst. 
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The only s ignif icant  noise complaints were against the m u f f l e d  
CAA Cub, configuration 2U. The three pr ior  complaints against the 
d ARF Cub on July 29 and August 1 were all made consecutively by the same 
?, person whom the loca l  police characterized as  a "chronic" complainant. 
Newton - Hurley Pasture ( ~ i g s .  18(a)  and 18(b) ) 
Description of location.- The a i r s t r i p  area (50 by 400 f t )  was a 
small par t  of an open f i e l d  which i s  located approximately 450 yards 
south of the Boston-Worcester Turnpike ( ~ t e .  9)  and 350 yards eas t  of 
Parker Street  and i s  bordered on the eas t  and south by a wooded area, 
approximately 200 yards i n  depth between the s i t e  and populated aseas. 
To the eas t  and south beyond the woods are  high-income es t a t e s  and 
upper-middle-class homes. To t h e  north and west, approximately 150 yards, 
m e  upper-middle-class dwellings. The homes nearest the nois ies t  par t  
of the f l i g h t  path, the take-off, were i n  the northwest and west. The 
take-off was bebween two groups of houses and nearest the larger  group 
(shown on the r ight  i n  photograph, f ig .  1 8 ( a ) ) .  The a l t i t ude  when the 
airplane f i r s t  passed by these homes ranged from roof-top leve l  t o  
approximately 150 fee t .  
The nearest large shopping center i s  Newton Center, which i s  
approximately 1900 yards t o  the north of the a i r s t r i p .  Figure 18(a)  
i s  a photograph of the s i t e  and figure 18(b) shows the surrounding area 
topographically. 
Flight operation.- Tests were begun a t  t h i s  s i t e  on Wednesday, 
October 27, 1948. The procedure used a t  t h i s  s i t e  was t o  take off west, 
f l y  a left-hand c i r cu i t  of the area twice, and land a t  the end of the 
second c i r cu i t .  The ARF Cub was flown f o r  1 hour, making 16 landings 
between 1 and 2 o'clock i n  the afternoon. 
The next operation was on Sunday, October 31, 1948, between the 
hours of 7:45 a. m. and 12:15 p. m. and l a t e r  from 2:00 p. m. to  4:30 p. m., 
t o t a l l i ng  87 landings during those 7 hours of operation. 
Results.- On the f i r s t  day many preschool- and school-age children 
gathered a t  the s i t e  a f t e r  the second landing. After the f i f t h  landing 
a few mothers came out inquiring a s  t o  what was going on, showing con- 
siderable concern f o r  t h e i r  youngsters. No other reaction a s  to  the 
undesirabili ty of the operation w a s  evidenced during t h i s  hour. 
r 
r 
On the second day many children were again present throughout the 
t e s t s .  Also i n  attendance were many men and women who expressed varying 
* 
'I opinions, which are  tabulated i n  table  M. 
- 
One of the men who evidenced f ea r  and a lso  objection t o  the estab- 
lishment of an a i rpor t  showed keen determination t o  f o r e s t a l l  any such 
ac t iv i ty  by s ta t ing  t o  a member of the Foundation staff t ha t  he would, . 
i f  necessary, stop the tes t ing  survey by a pe t i t i on  t o  ARE' s ta t ing  tha t  z 
they ( the cosigning neighbors) had absolutely no objection t o  the noise 
, 
of the airplane but tha t  they did not want the airplane f lying near 
t h e i r  homes endangering children and/or property. 
Nine other (adult  male) residents of the immediate area voiced com- 
plete  approval of the ac t iv i ty ,  having no objections whatsoever even t o  
the establishment of an a i rpor t  there i f  quiet airplanes were t o  be used 
exclusively. 
Staff evaluation.- Although f l i g h t s  a t  t h i s  s i t e  were not conducted 
over a suf f ic ien t ly  prolonged period t o  provide conclusive evidence, the 
nature of reactions suggests tha t  continuing use of t h i s  s i t e  by a i r -  % 
c ra f t  quieted t o  the degree demonstrated would have evoked few complaints 
due t o  noise. Fear of low-flying a i r c r a f t  was more i n  evidence and appar- 
en t ly  would be aii impediment a t  t h i s  s i t e  regardless of noise suppression. 
Newton-Brighton - Metropolitan Dis t r i c t  Commission Park 
( ~ i g s .  19(a)  and 19(b ) )  
Description of location.- The a i r s t r i p  area (100 by 500 f t )  was par t  
of an open f i e l d ,  between Nonantum Road and the Charles River, which i s  
par t  of- a rarelyeused Metropolitan Dis t r i c t  park area. It is- located 
north of Nonantum Road ( ~ h a r l e s  River Basin parkway) and i s  bounded on 
the west, north, and eas t  by the Charles River. On the north side of 
the r ive r  approximately 300 yards from the a i r s t r i p  are lower-middle- 
income houses, indus t r ia l  plants, the Perkins Ins t i tu te  f o r  the Blind, 
and a United States  arsenal. On the r ive r  (except i n  winter when the 
photograph was taken) were many power and s a i l  boats. To the south were 
many middle -income and lower -middle -income houses . 
The homes nearest the a i r s t r i p  were those on a h i l l  (elevation, 50 
t o  150 f t )  approximately 200 yards t o  the south beyond the highway and 
adjacent rai l road tracks. The homes nearest the take-off were those 
d i rec t ly  west and southwest of the a i r s t r i p .  The nearest shopping center 
i s  Nonantum Square, Newton, which i s  1400 yards southwest of the s i t e .  
Figure l g ( a )  i s  a photograph of the s i t e  and figure 19(b) i s  a map of 
the surrounding area. 4 
* 
Flight  operation.- The t e s t s  were begun August 15 and were as  l i s t e d  
i n  table  X. No complaints were made concerning the airplane throughout 
the t e s t s .  P' 
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Results.- Only one inquiry w a s  made from the surrounding area and 
tha t  did not concern noise. The query was made by the d i rec tor  of the 
United States  arsenal wanting t o  know i f  photographs were being taken 
a of the r e s t r i c t ed  arsenal area. 
Staff evaluation.- This s i t e ,  it may be concluded, i s  within an 
area t h a t  i s  conditioned t o  a high noise l eve l  caused pr incipal ly  by 
an active main-line railroad. 
Winchester - Country Club ( ~ i g s .  20(a) and 20(b) ) 
Description of location.- The a i r s t r i p  area (50 by 4-00 f t )  was part  
of a fairway of the golf course. It i s  located eas t  of Hutchinson Road, 
north of Winchester Road, and 300 yards west of Mystic Street ,  a l l  i n  
Arlington south of the Winchester-Arlington town l ine .  
Bordering the golf course i n  all directions except the northwest 
are upper-middle& t o  high-income homes and es ta tes .  The golf course 
extends i n  a northwesterly direct ion beyond the a i r s t r i p  fairway, a 
distance of 1600 yards. 
The homes t o  the south and southeast of the southern end of the 
a i r s t r i p  were the closest  (approximately 50 yd) t o  the nois ies t  par t  of 
the f l i g h t  path. 
The nearest large shopping center i s  Arlington, which i s  2300 yards 
to  the south of the a i r s t r i p .  Figure 20(a) i s  a photograph of the s i t e  
and f igure 20(b) i s  a map of the surrounding area. 
Fl ight  operation. - Only one operation was made a t  t h i s  s i t e  ( ~ u n e  13, 
1949) since simulated landings over the golf course bothered the golfers.  
Before the ac t iv i ty  was curtai led 26 simulated landings had been made i n  
45 minutes. 
Results.- No complaints were made from the surrounding high-income 
res ident ia l  area during t h i s  t e s t ,  as  noted i n  table  X I .  
Staff  evaluation.- A t  other t e s t  s i t e s  i n  t h i s  type of neighborhood 
if any reaction was forthcoming it was almost immediate. The f ac t  t ha t  
no complaints were made gives some preliminary indication tha t  the noise 
leve l  of the modified Cub would not be disturbing i n  t h i s  area. 
NACA TN 2728 
- 
DEMONSTRATION SITES - 
Brighton - Metropolitan Dis t r ic t  Commission Park 
( ~ i g s .  12(a)  and 12(b ) )  
The descriptive de ta i l s  of the Brighton s i t e  are given i n  the sec- 
t i on  llNeighborhood-Reaction Test S i tes .  I' The a i r s t r i p  was used f o r  
demonstrations on two occasions and the adjacent race t rack was used 
once p r io r  t o  the clearing of the a i r s t r i p .  
(1) The f i r s t  demonstration was on Monday, December 15, 1947, fo r  
members of the Massachusetts Recess Commission on Aviation, other public 
o f f i c i a l s ,  and a varied group of interested and disinterested witnesses 
(requested t o  come f o r  unbiased evaluation). The f l i g h t s  were simulated % 
landings approximately 10 f ee t  over the ground inside the race-track 
oval. 
'. 
*I 
During t h i s  demonstration D r .  A. G .  Engelbach, the Director of the 
Mount Auburn Hospital (on map, f i g .  12(b) ,  a s  Cambridge Hospital pr ior  
to  change of name), the nursing s t a f f ,  and a group of orderl ies  were 
requested t o  post themselves a t  open windows nearest the r ive r  to  deter- 
mine whether the ARF Stinson could be heard i n  the hospital .  Exhibit 2 
shows t h e i r  approval. 
Questionnaires (see exhibit  3) were dis t r ibuted t o  all the witnesses 
a t  the demonstration and collected thereaf ter .  A l l  72 questionnaires 
were answered "A" and "Yes." 
(2)  The second demonstration was on October 7, 1948, f o r  the National. 
Association of State  Aviation Officials  and a number of loca l  public 
o f f i c i a l s .  It was made a t  the request of M r .  Crocker Snow, Director of 
the Massachusetts Aeronautics Commission, who also, a f t e r  the demon- 
s t rat ion,  sent l e t t e r s  t o  the NASA0 witnesses requesting t h e i r  opinions 
and confirmation of the r e su l t s  f o r  the Foundation. The l e t t e r s  from 
these State  aviation o f f i c i a l s  were 100 percent i n  approval of the 
reduced noise leve l  of the modified airplanes. 
(3)  The th i rd  demonstration was on Sunday, November 14, 1948. Sta- 
t i on  WBZ-TV, Boston, located adjacent t o  the s i t e ,  presented a special  
te lecas t  of the Foundation's members and airplanes and a discussion of 
the purposes of tQe reseasch with actual  f l i g h t s  of the airplanes (visual  -. 
and audio) as  a "Public Service Presentation." . 
The effectiveness of the "quieting" on the experimental airplanes , 
was decidedly noticeable on the audio c i r cu i t  of the te levis ion se ts .  'W 
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Many favorable comments were received both by WBZ management and by the 
Foundation, a t t e s t ing  widespread public in te res t  i n  the elimination of 
a i r c r a f t  noise nuisance. 
h 
Cambridge - M.I.T. Athletic Field ( ~ i g s .  21(a) and 21(b)) 
The a i r s t r i p  area (50 by 500 f t )  i s  a par t  of an open a th le t i c  
f i e l d  a t  M.I.T. It i s  bounded on the immediate north by the main ath- 
l e t i c  area, a th l e t i c  buildings, and a large indus t r ia l  area. To the 
east ,  along Massachusetts Avenue, are a group of dormitories and on the 
f a r  s i d e - i s  the Ins t i tu t e  proper, which i s  approximately 500 yards from 
the s i t e .  Seventy yards t o  the south, on Memorial Drive, are dormitories, 
apartment houses, and restaurants and beyond the highway i s  the Charles 
River. Star t ing 50 yards west of the s i t e  i s  an M.I.T. married students' 
"Veteran's Village" housing 276 families i n  single, duplex, and multi- 
un i t  buildings. This area extends approximately 400 yards west, and 
beyond it i s  an indus t r ia l  area. 
'. 
Memorial Drive which pa ra l l e l s  the s i t e  t o  the south i s  used by 
pleasure vehicles only and Massachusetts Avenue, eas t  of the s i t e ,  by 
general t r a f f i c .  Since the area t o  the north i s  indus t r ia l  and has 
heavy truck t r d f i c ,  the residents around t h i s  s i t e  are conditioned t o  
a higher noise l eve l  than was t rue  of most of the other s i t e s .  
The nearest shopping center i s  Central Square, Cambridge, which i s  
approximately 1100 yards to . the  north of the a i r s t r i p .  
The direct ion of take-off w a s  west toward and over the Veteran's 
Village a t  an a l t i tude  of approximately 150 fee t ,  the airplane turning 
l e f t  t o  the r ive r  when 200 f e e t  had been attained. Figure 21(a) i s  a 
photograph of t h i s  s i t e  and figure 21(b) i s  a map of the surrounding 
area. 
On October 13, 1948, both the ARF Stinson and the ARE' Cub were flown 
(10 passes) f o r  the Massachusetts Ins t i tu t e  of Technology s t a f f  and on 
October 29 demonstration f l i g h t s  (7  passes) using the ARF Cub were 
arranged f o r  representatives of the Br i t i sh  A i r  Ministry. On both 
occasions all comments were favorable. No complaints were received 
from the adjacent res ident ia l  areas. 
+ Waltham - Murphy General Hospital ( ~ i g s .  22(a) and 22(b)) 
.- 
The a i r s t r i p  area (50 by 400 f t )  was part  of an open a th le t i c  f i e l d  
area within the grounds of the (Army) Murphy General Hospital which i s  
up southwest of Trapelo Road and southeast of Forest Road. 
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Seventy-five yards t o  the eas t  of the a i r s t r i p  area was the central  * 
par t  of the hospital  l a i d  out as  many individual wards. Sixty yards t o  
the south were the mental and other wards. In the southwest corner was 
a f i r e  s ta t ion  and across a s t r ee t  (100 yd) t o  the west were many s m a l l  & 
homes of hospital  personnel. The nurses1 and many other permanent bar- 
racks were 20 yards t o  the north and northeast. 
The take-off was between the mental ward and the f i r e  s ta t ion  over 
the overhead power l ines .  
On June 3 the ARF Cub, configuration 1, was flown f o r  1 hour and 
36 low passes were made ( 3  t o  10 f t  off the ground). Neither the pat ients  
nor the hospital  personnel complained although they were specif ical ly  
instructed by the Commanding Offioer t o  do so i f  the noise bothered them 
a t  a l l .  It was a warm day and the f a c t  t ha t  the airplane was acceptable 
even with the hospital  windows open i s  noteworthy. 
L MISCELLANEOUS 
During the t e s t ing  program of the modified and unmodified Stinsons 
(reference 1) i n  the v ic in i ty  of the Canton-Norwood, Mass., a i rpor t s  
several objections, mostly of an inquiring nature, were made concerning 
the ac t iv i ty  . 
Most emphatic and demanding objections t o  stop the tes t ing  of the 
r e l a t ive ly  noisy modified and unmodified pusher-type amphibians were 
voiced by the neighborhood surrounding the Norwood a i rpor t  during tha t  
program (reference 2).  
The Norwood a i rpor t  w a s  used by the U. S. N a v y  during World War I1 
and has been i n  continuous use by Wiggins Airways f o r  t ra ining purposes 
and larger-scale commercial ac t iv i t i e s .  
The objections were so strenuous tha t  M r .  Joseph Garside, President 
of Wiggins Airways and also acting a s  Director of Operations of the 
Foundation, had t o  release a statement t o  the loca l  newspapers explaining 
the research program and requesting the neighbors1 indulgence. 
The f a c t  t ha t  the neighbors accustomed t o  an active a i rpor t  reacted - 
i n  such a clamorous manner tends t o  confirm the observation tha t  when . 
the noise leve l  is  increased even i n  a "conditioned" neighborhood, the 
people w i l l  object quickly. 
'.> 
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Bedford A i r  Show (Sept. 18-19, 1948) 
The modified Stinson was flown a s  a feature a t t r ac t ion  in the 
U. S. A i r  Force A i r  Show a t  Hanscom Airport, Bedford, Mass. 
The attendance was between 110,000 and 125,000 people ; however, 
high-powered a i r c r a f t  were f ly ing  i n  the general, area during the scheduled 
"quiet" St inson demonstrations, theref ore the airplane was exhibited 
under very unfavorable conditions. 
The control-tower operator a t  the f i e l d  announced the f l i g h t s  of 
the modified Stinson and narrated a thumbnail sketch of the Foundation 
and the research ac t iv i t i e s .  
Approximately 1500 spectators voiced t h e i r  approval t o  the Foundation 
s t a f f  and requested knowledge as  t o  when and/or where they could buy such 
a i r c r a f t  . 
\,' 
I. 
Providence A i r  Show (0ct. 12, 1948) 
The modified Stinson and Cub were flown i n  comparison with standard 
stock models i n  a noise demonstration a t  the Theodore Francis Green 
Airport, Hillsgrove, R. I. 
A l l  four airplanes were flown around the f i e l d  with the standard 
Stinson f i r s t ,  followed by the quieted Stinson, then the standard Cub, 
followed by the modified Cub. After take-off the airplanes circled the 
f i e l d  and swooped l o w  over the clear  roped-off area next t o  the hangars. 
They passed by a t  about 100-foot a l t i tude  d i rec t ly  i n  f ront  of the spec- 
t a t o r s '  area. % 
The a i rpor t  manager had, by using a public-address system, quieted 
the crowd down t o  a whisper and "al l  ears" i n  anticipation of witnessing 
these "airplanes of the future" with comments such as  "you won't believe 
it till you hear it." 
When the airplanes came by, the quieting ef fec t  was extremely apparent 
and the crowd spontaneously applauded both quieted airplanes when they 
passed and ' l a te r  when they landed. 
* Sound Levels Compared with Familiar Sounds 
C 
Figure 23 i s  included t o  a s s i s t  i n  judging the r e su l t s  of t h i s  
research. This figure presents a comparison of the measured sound leve ls  
\B of the standard and modified airplanes with the leve ls  of typical  noise 
sources. 
CONCLUSIONS 
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I n  drawing conclusions from the data presented, it should be realized + 
t ha t  complaints and responses to  interviews are: t o  a considerable extent, 
subjective. 
I n  order t o  separate reactions t o  noise from reactions t o  other 
features  of airplane f l i g h t  on a t r u l y  sc i en t i f i c  basis, an elaborate 
program designed and controlled by experimental psychologists would be 
required. Such a program would have been beyond the budget and time 
l imitat ions of t h i s  project.  The t e s t s  reported herewith, therefore, 
must be considered exploratory i n  character and conclusive only i n  a 
l imited sense. 
Bearing these l imitat ions i n  mind, the following conclusions seem 
. just i f ied.  
1. Reduction 4n noise reduces the number of complaints i n  a given 'C 
si tuat ion.  Whether t h i s  reduction i s  primarily due to  reduced noise per 
se o r  t o  the f a c t  t ha t  fewer people notice the operation has not been 
def in i te ly  established. In  e i the r  case, it would seem tha t  reduced noise 
leve ls  are  highly desirable from a neighborhood point of view. 
2. Other complaints against a i r c ra f t ,  t ha t  i s ,  fear  of t h e i r  presence, 
fear  of low flying, and f ea r  of property devaluation, appear t o  be more 
frequent when noise a t t r a c t s  a t tent ion and sometimes are  reported as 
noise objections. When a quieted airplane i s  involved, these remaining 
object ions are more clear ly defined. 
3. Greatly reduced noise sometimes leads people t o  think & airplane 
i s  i n  trouble and about t o  make a forced landing. If  quiet airplanes 
become numerous, t h i s  fac tor  w i l l  probably disappear. 
4. Apparently, the degree of noise reduction attained by the modi- 
f ied  a i r c r a f t  did produce s ignif icant ly fewer recorded objections. 
Whether the difference i n  acceptabili ty of standard and modified a i r c r a f t  
would continue over a long period of steady-flight operation was not 
ascertained. I f  the difference between reactions to  the standard and 
quieted airplanes can be presumed t o  continue as  i n  the exploratory t e s t s ,  
the degree of external noise reduction incorporated i n  the modified a i r -  
planes should lead t o  a s ignif icant  reduction i n  public objection t o  
neighborhood landing areas. 
Aeronautical Research Foundation 
Boston, Mass., May 5 ,  1950 a, 
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TABLE I 
STATISTICS OF AIRF'LANES USED I N  NEIGHBORHOOD- 
REACTION 'IIESTS 
TABm 11 
TESTS AT AFU,INGTON SITE 
! Operations I complaints 
'simulated landings. 
TABLE I11 
TESTS AT BRIGHTON SITE 
I Operations Complaints I 
TART2 IV 
TESTS AT BROCKTON SITE 
a~topped .  See t e x t .  
r 
Aiql&ne 
ARF Cub 
(configu- 
ra t ion  1 )  
ARF Cub 
(configu- 
ra t ion  1) 
A-RF Cub 
(configu- 
ra t ion  1 )  
Of 
landings 
13 
22 
20 
55 
Operations 
BY 
telephone 
52 
26 
13 
91 
Date 
2-16-49Wed. 
2-16-49 
2-18-49 
Daily 
52 
26 
13 
91 
In 
person 
0 
0 
0 
0 
Day 
of 
week 
Wed. 
F r i  . 
Totals 
Accumulated 
52 
78 
91 
91- Totals 2 h r 3 0 m i n  
Time of day 
0230-0310p.m. 
0350-0440 p.m.  
a0930-1030 a.m. 
Complaints 
Class i f icat ions  
Fl ight  
time 
40min 
50 min 
1 hr 
Airport 
object ion Noise 
0 
o 
0 
0 
f l y  1% Fear 
A 
37 
18 
7 
62 
15  
29 
Both 
0 
6 0  
6 0  
0 
0 
0 
0 
0 
TABLE V 
TESTS AT CANTON SITE 
'"on s k i i s .  
b ~ o v e d  t o  a l t e rna te  s t r i p .  
'stopped a t  owner's demand. 
BY 
telephone 
0 
, 
0 
0 
0 
3 
1 
4 
Number 
o f 
landings 
35 
Operations 
Flight 
time 
15 min 
3 hr 
1 hr 10 min 
2 hr  40 min 
1 hr 5 min 
1 hr  
15 min 
9 hr 25 min 
Airplane 
ARF Cub 
(configurat ion 1 )  
ARF Stinson 
(configuration 3) 
Time of day 
0200-0215 p.m. 
0700-1000 a.m. 
0630-0740 a.m. 
0700-0940 a.m. 
0600-0705 p . ~ .  
b ~ 7 ~ ~ - 0 8 0 0  a.m. 
C0700-0715 a.m. 
Date 
10-28-48 
11-18-48 
11-26-48 
12-24-48 
1-3-49 
6-11-49 
6-14-49 
Daily 
0 
0 
0 
0 
0 
5 
2 
7 
f 
I n  
Person 
0 
0 
0 
0 
0 
2 
1 
3 Totals 
Day 
- of 
week 
Thurs. 
Thurs. 
F r i .  
F r i .  
Mon. 
s a t .  
Tues. 
Totals 
Accumulated 
0 
0 
0 
0 
0 
5 
7 
- 
7 
I ARF Stinson 15 (configuration 3 )  
Complaints 
40 
17 
30 
147 
Noise 
0 
0 
0 
0 
0 
4 
2 
6 
ARF Cuba 
(configuration 1 )  
ARF Cuba 
(configuration 1) 
Standard Cub 
(configuration 4) 
Standard Cub 
( configuration 4) 
'Ow 
f lying 
0 
0 
0 
0 
0 
1 
0 
1 
Classif icat ions 
Airport 
Fear 
0 
0 
0 
0 
0 
0 
0 
0 
- 
Both 
0 
0 
0 
0 
0 
0 
0 
0 
objection 
0 
0 
0 
0 
0 
0 
0 
0 
TABLE VI 
TESTS AT MEDFORD SITE 
TABLE VII 
TESTS AT MILTON SITE 
'~imalated landings. 
bee -be l t  turned over. 
CReturned because of weather. 
TABLE V I I I  
TESTS AT NEEDHAM SITE 
Operat ions Complaints 
8-8-49 
8-9-49 
Totals 
I 
Mon. 
Tues. 
Totals 
asimulated landings. 
bSame person complained. 
11 hr 45 min 
I 
1220-0120 p.m. 
0710-0810 a.m. 
I I I 
334 
Classifications 
1 hr 
1 hr 
2 1  
22 
25 
0 
CAA Cub 
(configuration 2 ~ )  
CAA Cub 
(configuration 2 ~ )  
2 
4 
5 
0 
0 
2 
2 
4 
21 
0 
0 
2 1 
0 
0 
2 
0 
0 
0 
4 
4 
17 
21 
TABLE M 
TESTS AT NEWTON SITE 
a ~ t o i p e d .  See t ex t .  
TABLE X 
TESTS AT NEWTON-BRIGHTON SITE 
TABLE X I  
TESTS AT WINCEESTER SITE 
a Simulated landings. 
b~ resence  bothered golfers .  
I Operat ions I. Complaints 
COMPARISON OF E S T  SITES 
[weted includes ART airplanes and muffled version of CAA Cub; 
etandard includes standard Cub and unmuffled CAA 
H 
z 
IU 
4 
IU 
a,' 
a ~ t u a l  rurdings; others aimlated. 
b ~ e e  table VIII and text .  
Figure 1. - Various views of modified ARF Cub (conf igura t ion  1). 
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Figure 2.- Three views of vee-belt propel ler  drive used with engine of 
modified ARF Cub (configuration l), 
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( a )  Muffled (conf igurat ion 2.M). 
(b)  Unmuffled (conf igurat ion 2 ~ ) .  
Figure 3. - Modified CAA Cub, 
( a )  Front view. 
( b )  Rear view, 
? i s r e  4 , -  Si lencers  mounted on Stinson a i rplane (configuration 3). 
Figure 5.- ARF Stinson (configuration 3).  
Figure 6.- Standard Cub (conf igura t ion 4 ) .  
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Figure 7.- BlaBe-form curves f o r  four-bladed, two-piece p rope l le r  used 
on ARF Cub ( c o n ~ i g u r a t i o n  1). D, diameter of propeller;  R, t i p  radius; 
r, rad ius  of element; b, width (chord) of element; h, maximum thickness 
of element; p l ,  p i t c h  angle of element; pT1,  p i t ch  angle of t i p  element. 
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Figure 8.- Blade-form curves f o r  p rope l le r  used on both vers ions  of 
CAA Cub (configurations 2M and 2 ~ )  and on standard Cub (configu- 
r a t i o n  4 ) .  D, diameter of propel ler ;  R, t i p  radius;  r, radius  of 
element; b, width (chord) of element; h, maximum thickness of e l e -  
ment; P ' ,  p i t ch  angle of element; PT',  p i t c h  angle of t i p  element. 
Figure 9 .  - Blade-form curves f o r  four-bladed, one -piece p rope l le r  t r i e d  
on CAA Cub (configuration 2 M ) .  D, diameter of propel ler ;  R, t i p  radius;  
r, r-adius of element; b, width (chord) of element; h, maximum thickness 
of element; p l ,  p i t c h  angle of element; pT1, p i t c h  angle of t i p  element. 
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Figure 10.- Blade-form curves f o r  four-bladed, one-piece propel ler  used 
on ARF Stinson (configuration 3) .  D, diameter-of propeller;  R,  t i p  
radius;  r, radius  of element; b, width (chord) of element; h, maximum 
thickness of element; P ' ,  p i t ch  angle of element; PT', p i t ch  angle of 
t i p  element. 
( a )  View of s i t e  with a i r  t r a f f i c  pa t t e rn  superimposed. 
Figure 11, - Arlington s i t e ,  
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(b) Topographical map of surrounding area with a i r  t r a f f i c  pa t te rn  and 
ambient l e v e l s  indicated. 
Figure 11. - Concluded. 
( a )  View of s i t e  with a i r  t r a f f i c  pat tern superimposed, 
Figure 12,-  Brighton s i t e ,  
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(b)  Topographical map of surrounding area with a i r  t r a f f i c  pa t te rn  and 
ambient l eve l s  indicated. 
Figure 12. - Concluded. 
(a)  View of s i t e  with air t r a f f f c  pa t t e rn  superimposed, 
I Figure 13,- Brockton s i t e ,  
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(b)  Topographical map of surrounding area with a i r  t r a f f i c  pat tern and 
ambient Levels indicated. 
Figure 13. - Concluded. 
( a )  View of s i t e  with a i r  t r a f f i c  pa t t e rn  superimposed. 
Figure 14. - Canton s i t e .  
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(a) View of s i t e  with a i r  t r a f f i c  pa t t e rn  superimposed, 
Figure 15,- Medford site. 
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(b)  Topographical. map of surrounding area  with air t r a f f i c  pa t t e rn  and 
ambient l e v e l s  indicated.  
Figure 15. - Concluded. 
(a)  View of s i t e  with a i r  t r a f f i c  pa t t e rn  superimposed, 
Ffgure 16, - Milton s i t e ,  
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( b )  Topographical. map of surrounding a rea  with a i r  t r a f f i c  pa t t e rn  and 
ambient l e v e l s  indicated.  
Figure 16. - Concluded. 
( a )  View of s i t e  with a i r  t raf ' f ic  p a t t e r n  superimposed, 
Figure 17,- Meedham s i t e .  
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(b)  Topographical map of surrounding a rea  with a i r  t r a f f i c  pa t t e rn  and 
ambient l e v e l s  indicated.  
Figure 17. - Concluded. 
(a)  View of s i t e  with a i r  t r a f f i c  pa t t e rn  superimposed. 
Figure 18.- Newton s i t e .  
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( b )  Topographical map of surrounding a r ea  with air t r a f f i c  pa t t e rn  and 
ambient l e v e l s  indicated.  
Figure 18. - Concluded. 
(a )  View of s i t e  with a i r  t r a f f i c  pa t t e rn  superimposed, 
Figure 19,-  Newton-Brighton s i t e .  
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(b) Topographical map of surrounding area with a i r  t r a f f i c  pa t te rn  and 
ambient l eve l s  indicated. 
Figure 19. - Concluded. 
(a )  View of s i t e  with a i r  t r a f f i c  pa t t e rn  superimposed. 
Figure 20. - Winchester s i t e ,  
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(b )  Topographical map of surrounding area with air t r a f f i c  pa t t e rn  and 
ambient l e v e l s  indicated.  
Figure 20. - Concluded. 
( a )  View of s i t e  with air t r a f f i c  pa t t e rn  superimposed. 
Figure 21, - Cambridge s i t e .  
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(b)  Topographical map of surrounding a r ea  with a i r  t r a f f i c  pa t t e rn  and 
ambient levels indicated.  
Figure 21.- Concluded. 
( a )  View of s i t e  with a i r  t r a f f i c  pa t t e rn  superimposed, 
Figure 22.- Waltham s i t e ,  
(b)  Topographical map of surrounding area with a i r  t r a f f i c  pa t te rn  and 
ambient l e v e l s  indicated. 
Figure 22. - Concluded. 
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MASSACHLJSEITS AERONAUTICS COMMISSION 
LOGAN AIRPORT. EASr BOSTON 
Our SNpootorr bmn lnor8tlgat.d the tl-t t o r t  
aot iv i t ier  of the A e ~ u t i o a  8rah Ipuad.tlon at  tb, 
Brookton m i r g  of tbir pro- 
o.d-r e m  be oh- safety. We 
have# thorafore# lno t o  rrb no 
mom t rk -o f t8  in a n orrglno 
f a i l u n  might posrib 
J w t  north of the b 
With th i r  l i r i tat icm, ud b o u i x r g  in rind th. 
rpooial oharroterirtior or the a i r a ~ t  med axt tb 
degne of protiaienay of the pi lo t ,  m f e e l  th~t b  
f l igh t  t e r t r  a m  be oantlnuod with e n m  eauidomtiam 
belng siren t o  t b  saIet7 of the aufio\rrrding n r i d e n t r r  
I asrunrs you knw that there tart. 8ro be- 
nand8 w i t h  an airplane i ran  r h i o h  moot @ tho noire h. 
been removed for the gurpoae of doknrlning e u i t f  
maation to  a quiet airplane. O u r  hapaator w u  r ~ r p r b e d  
t o  find that m o a t  of the aauplalntr wen a a o u l d  b th. 
fact  that obrerrerr thou@at the a i r o m i t  war in trmb I a 
and we8 about t o  l.nd oa the hcrurer or ln  the a tme t  beoeue 
they bud no noire f ran th, propeller or tha p o n r  plrntr  
Apparently rhen tho l a t t e r  r u  explalnod 8 w e  majority 
of th. perronr interviewed bad no further objootionr. 
V e r y  t ru ly  youn, 
Crookor Snw 
Dimotor of Aeran8utial 
C S  :pr 
cc a Prof. Bollinger 
Rep. Arthur Sheehan 
EXHIBIT  I 
A. G.  ENGELBACH. M.D.. F.A.C.H.A. 
DIRECTOR October 4, 1948 
hronaut ical  Research Foundation 
Soldiers1 Field Parkway 
Boston 63, Maseaehasetts 
A t  tention: Prof ee ror Bollinper, Mrec tor 
Gent gemen: 
A t  the time the testa were made 
* on the quieted airplane eometime ago, we 
had no complaintr from the patient8 that 
they were annoyed and other witnesses 
were of the opinion t h a t  the demonstration 
Very truly yours, 
A. G. WelbaCh, M.D. 
Director 
NACA TN 2728 
AGE: cc 
EXHIBIT  2 
Cambridge, Massachusetts 
~ecember  1947 
d 
You have been invi ted  today to  witness a public demonstration 
of what i s  believed to  be the  f i r s t  a i rp lane  that  i s  both equipped with 
ef fec t ive  noise  reduction devices end i s  a t  the same time an e f f i c i en t  
vehic le  p r ac t i ca l  f o r  personsl flying. 
This a i rp lane  i s  a standard Stinson four-passenger 1947 model 
modified by the  Aeronautical Research Poundation, a nonprofit  Maeaachu- 
s e t t s  research corporation. The e f f o r t  to  develop and s e t  standards f o r  
a quie t  "good neighbor' a i rp lane  i s  being federa l ly  financed through the 
National Mvisory  Committee fo r  Aeronautics, with the ac t i ve  coopet'ation 
of the Civi l  Aeronautics Administration. The personal services  of Dr. 
Lynn L. Bol l inger  and M r .  Arthur E. Tully, J r . ,  of Rarvard and Professors 
Otto C. Koppen and C. Fayet te  Taylor of M.I.T. have made t h i s  projec t  
possible.  
m Please remember t ha t  t h i s  i s  an experimental a i rp lane  i n  so 
X f a r  a s  the functioning of the  noise reduction devices a r e  concerned. 
I You a re  witnessing i t s  f i r s t  f l i g h t  away from the P. I. Kiggins' shops 
- a t  Canton a i r p o r t  where i t  188 modified. The p i l o t  Mr. Henry Kent, i s  
a considered one of the most experienced and ab l e  i n  the country f o r  t h i s  
- 
+. type of f l y ing .  He has been careful ly  ins t ructed  to  operbte the a i r -  plane so t ha t  any reasonably probable mechanical malfunctioning w i l l  
not endanger persons o r  s t ruc tu re s  on the ground. (The demonstration 
w f l i g h t  has,  of course, been approved by the Director of the Massachusetts 
Aeronautics Commission and by the l oca l  CM inspector.)  
l q u r  oninion of the alrp-e's nuood net- character isU!a  
e a r n e ~ w c i t e 4 .  The primary purpose of t h i s  f l i g h t  i s  to  obta in  
your judgment a s  t o  whether the a i rp lane  a s  now equipped i s  e n t i r e l y  
adequate t o  f l y  witnin reaeonable d is tances  of dwellings without crea t ing 
objectionable noise,  o r  whether fu r the r  s i lencing devices need be added. 
7-0' 
The noise energy output i s  now approximately 1 / w h  tha t  of 
a conventional a i rp lane .  At the Cambridge Boat Club s i t e  the sound (when 
not obscured by passing automobiles) should be approximately twice the 
i n t ens i t y  a s  t ha t  reaching the hospi ta l  ex t e r io r  wal ls ,  and i f  the e s t i -  
mates are  co r r ec t ,  the sound should not be audible ins ide  the hospi ta l  
o r  within nearby dwellings (i.e. qu i e t e r  than ex i s t i ng  s t r e e t  t r a f f i c ) .  
That i s  the standard by which you a r e  asked t o  judge the vehicle.  
You have purposely been e e e d  to  stand outs ide  the 'shield" of 
s t r e e t  t r a f f i c  noise so t h a t  you may de t ec t  the nature  of the aerodynamic 
sounds. Please grade the performance of the vehicle by answering the 
following b r i e f  questionnaire: 
to: 
The Massachuse t t s  Recess Commission on Aviation 
Room 407, S t a t e  House 
Boston 33, Massachusetts 
Cambridge. Yassachusetta 3 
Attention: M r .  Vance L. Alden, Secretary 
I have witnessed the f i r s t  public demon8tration of the 
Aeronautical Research Foundation's experimental "good neighbor" a i r -  
plane and r a t e  i t  accordingly: 
(Check one) 
A. Su f f i c i en t ly  qu i e t  to  eliminate all val id  noise objections 
B. Suff ic ient ly  quie t  to  s u i t  me but  poasibly objectionable to  otherm 
C. Needs s l i g h t  addi t ional  quie t ing to be e n t i r e l y  acceptable 
D. Needs subs t an t i a l  addi t ional  quie t ing to  overoome noise objections 
I f  such an  a i rp l ane  were made absolutely Inaudible and were t o  
be flown regular ly  from the location used and in  the manner demonmtrated 
would you wi l l ingly  accept i t s  presence as  a 'good neighbor"? 
Yes 
Bo 
( I f  you vote  no, please indicate  b r i e f l y  why.) 
Signed- - 
Poeition 
